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As someone actively interested in the growth on non-conventional 
semiconductor surfaces, I have long wanted to organize a workshop 
on this and related themes. The workshop was initiated by 
Dr L Pavesi (University of Trento), Professor G Guillot 
(INSA-Lyon, France) and myself. 
A new degree of freedom in 
the growth of III-V semicon- 
ductors is the growth of 
epitaxial layers on high index sur- 
faces, i.e. surfaces oriented ifferently 
from the conventional (100) orienta- 
tion. The possibility of changing and 
improving the fundamental material 
properties, growth mechanisms, ur- 
face kinetics, and impurity incorpora- 
t ion by growing on crysta l  
orientations other than (100) has 
motivated a strong effort to study 
these aspects. Some very interesting 
features have emerged, e.g., about he 
piezoelectric effect, the dopant incor- 
poration, the self-organisation of 
microstructures, the ordering of tern- 
ary alloys, the overlayer strain, etc. 
Practical applications of the use of 
growth on high-index planes have 
been noted, such as optoelectronics, 
high speed and infra-red devices. In 
addition, the growth on high index 
surfaces is appealing to the research 
field related to the epilayer egrowth 
on patterned substrates which leads to 
low dimensional structures like quan- 
tum wires and quantum dots. The aim 
of this workshop was to discuss all 
these aspects. Interdisciplinary discus- 
sions about the technical, material, 
device and theoretical aspects were 
also planned. 
The venue of the workshop was the 
Institute di Ricerca Scientifica and 
Tecnologica (IRST), Trento, which is 
a small town in the North-East of 
Italy and one of the oldest and most 
characteristic centres in the Alpes. 
The 50 delegates which attended the 
workshop were provided with a 
programme of 9 invited papers and 
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Participants of the first international workshop on novel index sur/aces. 
17 contributed papers over two and a 
half days. Delegates travelling from 
Denmark, France, Germany, Russia, 
Spain, Sweden, Switzerland, UK, 
USA and the host country Italy, 
provided the international flavour. 
In this report, I have selected only 
the invited papers. The workshop 
proceedings will shortly be published 
in Microelectronics Journal. 
W | Wang (Columbia University, 
USA) gave the opening presentation 
in which he reviewed the MBE 
growth, heterointerface quality, and 
device applications of GaAs/AIAs, 
GaSb/AISb and ZnMgSeS/ZnSeS/ 
CdZnSe multiple quantum wells 
grown on novel orientations. He 
showed for example, that large off- 
axis substrates (such as (511)) yield 
superior performance to the conven- 
tional (100) orientation for A1GaAs/ 
GaAs quantum well lasers. 
Planar monolithic OptoElectronic 
Integrated Circuits (OEICs) and 
Photonic Integrated Circuits (PICs) 
are becoming increasingly important 
in the development of low-cost com- 
ponents for optical telecommunica- 
tion and processing systems. A key to 
the realisation of this integration is 
the ability to grow a range of  
structures in different areas on the 
same substrate. One method to 
achieve this scheme while retaining a
planar surface is to localise different 
devices by using patterned substrates. 
Up to now epitaxial growth on 
patterned InP substrates has been 
performed mainly in the GaInAsP 
system by MOVPE. Little is known 
about the MBE growth of AIGaInAs 
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on patterned substrates in spite of the 
potential of this combination. 
J P Praseuth (France Telecom, 
France) discussed the advantages of 
the A1GaInAs quaternary system for 
optoelectronics then he presented its 
MBE growth behaviour on patterned 
substrates. As an illustration of the 
device quality of the overgrown 
layers, he showed characteristics of
embedded PIN photodiodes a well as 
those of a monolithic PIN/FET 
photoreceiver. 
The epitaxy of lattice-matched and 
strained semiconducting films and 
patterned and misoriented substrates 
have led to new growth phenomena, 
material properties and device appli- 
cations. P Bhattaeharya (University 
of Michigan, USA) described their 
work on InP and GaAs-based hetero- 
slructures on (111)- and (311)-or- 
iented substrates and GaAs-based 
strained heterostructures on planar 
and patterned (small-area) sub- 
strates. They have experimentally 
and theoretically studied piezoelec- 
tric field effects in MBE grown 
InP-based In×Gal_~As/Ino.s2Alo.48As 
pseudomorphic quantum wells. They 
have optimized the growth of these 
samples on misoriented (Il l)B sub- 
strates. The low temperature photo- 
luininescence peak of the (111) 
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modes on the epitaxy of highly 
strained InGaAs on large-area nd 
patterned small area (001) GaAs 
substrates. On the planar substrates 
growth occurs by a 3-D island growth 
mode for misfits > 1.5-2%. ln-situ 
quantum boxes have been grown and 
characterized by optical and in situ 
scanning tunnelling microscopy. 
A10.15Ga0.~sAs/In0.52Ga0.75As pseudo- 
morphic modulation doped FETs and 
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strained InxGal_xAs/GaAs p-i-n 
photodiodes have been fabricated on 
patterned (100)-GaAs substrates and 
characterized. Compared with devices 
made on planar substrates, mall area 
growth improves the dc transconduc- 
tance by 40% and current gain cut-off 
frequency by 50% in the transistors. 
The photodiodes grown in small 
recesses (~30gm) exhibit 2-4 times 
higher quantum efficiency than those 
oriented layers is found to be blue- 
shifted, for both the tensile and 
compressive strain, compared to the 
(100) luminescence p ak. The experi- 
mental transition energies are com- 
parable to the theoretically calculated 
values. The electro-optic oefficients 
of this material are measured and 
found to be much larger than that of 
GaAs. They have also investigated the 
consequences of altered growth 
on planar substrates. 
Creating quantum nanostructures 
via in-situ processes, including one- 
step growth, is an alternative ap- 
proach to the downward scaling of 
conventional post-growth litho- 
graphic or nonlithographic techni- 
ques to the nanoscale. While offering 
potential advantages in terms of 
reduced amage, contamination, and 
number of processing steps, it poses 
its own technological nd conceptual 
chal lenges and opportuni t ies .  
A. Madhukar (University of South- 
ern California, USA) addressed the 
current in-situ approaches to semi- 
conductor nanostructure creation via 
the use of natural (e.g. planar, high 
index) or specially prepared (e.g. 
nonplanar patterned) structured sub- 
strates, noting the status of the 
structures realized and emphasizing 
some of the fundamental technologi- 
cal and scientific challenges and 
expected limits. In the former cate- 
gory, issues pertaining to size unifor- 
mity, reproducibility, realization of 
high density arrays, and system 
integration were emphasized. In the 
latter, the understanding of the fun- 
damental processes leading to the 
formation of such nanostructures, 
the potential presence or absence of 
any nonlinear cooperative phenom- 
ena and, hence, the possibility of any 
self-correcting effects based upon self- 
organization/assembly were dis- 
cussed. 
Coherently strained lnAs insertions 
in a GaAs matrix are expected to 
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represent "quantum-wire-like" or 
"quantum-dot-like" structures for 
two regimes of InAs coverage. First- 
ly, when depositing submonolayer 
lnAs films on GaAs, the InAs film 
nucleates as monolayer-high islands 
of finite lateral size the distribution of 
which being determined by the ada- 
tom kinetics. If the migrating In 
adatoms find preferred incorporation 
sites such as step edges within their 
migration length, an ordered array of 
InAs aggregates should be obtained 
whose lateral size is given by the step 
density and whose size distribution is
determined by the homogeneity of the 
step distribution on the initial surface. 
The size of the resulting InAs inser- 
tions is, in any ease, below the one 
desired for an efficient quantum 
confinement of excitons. However, 
the insertions are expected to localize 
excitons and thus to act as custom- 
made defects which may profoundly 
modify the optical properties of the 
host matrix. 
Secondly, when exceeding a certain 
InAs coverage, a morphological 
phase-transformation occurs which 
results in the formation of three- 
dimensional InAs islands having 
dimensions compatible to the quan- 
tum confinement ofexcitons. The size 
distribution of these islands is deter- 
mined by the balance of strain and 
surface/interface energy and may thus 
be very narrow, provided that the 
growth conditions allow the system to 
relax sufficiently close to equilibrium. 
At equilibrium, however, plasic 
strain relief by introduction of dis- 
locations is favoured. For obtaining 
defect-free three dimensional InAs 
islands of a narrow size distribution, 
the growth conditions must be care- 
fully optimized. O. Brandt et al. 
(Paul-Drude Institfit, Germany) pre- 
sented experimental results of InAs 
insertions in GaAs for both coverage 
regimes. For submonolayer cov- 
erages, their results conclusively de- 
monstrate the formation of one- 
dimensional or zero-dimensional 
InAs aggregates depending on the 
initial surface chosen for deposition. 
The optical properties of these struc- 
tures are distinctly different from 
those obtained with full monolayer 
coverage, for which the InAs film 
represents a quantum well. They 
showed that the localization of ex- 
citons at the InAs insertions give rise 
to a variety of intriguing phenomena 
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depending on the length scale of 
localization. Their results for higher 
InAs coverages show that it is difficult 
to avoid the formation of dislocations 
even at the onset of three-dimensional 
nucleation. The optical properties of 
the resulting structure exhibits a 
marked insensitivity on the InAs 
island size. They concluded that the 
observed luminescence may thus not 
be related to intrinsic quantum dot 
states, but to the structural defects 
formed during growth. 
Pseudomorphically strained In- 
GaAs/GaAs quantum wells grown 
on [lll]B oriented GaAs substrates 
incorporate strong piezoelectric fields. 
Quantum confined interband optical 
transitions exhibit built in Stark shifts 
to the red and additional, 'forbidden' 
transitions are observed because of 
the reduced symmetry. The novel 
properties of these structures can be 
exploited in such devices as electro- 
optic modulators with increased sen- 
sitivity, blue-shifting SEEDs with 
enhanced contrast ,  a l l -opt ical  
SSEEDs  and pseudomorph ic  
HEMTs with increased 2DEG densi- 
ties. At all stages of research, devel- 
opment and production successful 
device work necessitates reliable ma- 
terial growth of good crystalline 
quality. 
Several groups have reported trian- 
gular pyramidal feature on surfaces 
grown by MBE on [lll]B oriented 
substrates at temperatures within the 
growth window for InGaAs. While 
higher growth temperatures can result 
in good surface morphology the In 
sticking coefficient is severely re- 
duced. Growth slightly off-axis is 
reported to produce good crystalline 
quality at reduced temperatures. 
R Gray et al. (Sheffield University, 
UK) have studied the effect of growth 
conditions, including III/V flux ratio, 
substrate temperature and vicinal 
growth surface orientation on materi- 
al and device quality. In particular, 
they compared growth on wafers off- 
cut in the inequivalent directions 
towards <2,-1,-1 > and <-2,1,1 >. 
While growth on either of these 
directions can produce the surface 
features imilar to the pyramids een 
in on-axis growth, only in the former 
direction is it possible to grow good 
quality material with ease. In the 
latter misorientation direction the 
acceptable growth temperature win- 
dow is very narrow. Even in the 
'easier' direction the temperature 
growth window for GaAs is not wide 
and does not encompass the range in 
which InGaAs can be grown with 
high In sticking coefficient. However 
they find that growth of the alloy 
wells can be accomplished at lower 
temperature without significant dete- 
rioration of the final surface mor- 
phology and of the resultant device 
properties. Using this technique they 
have grown a number of p-iMQW-n 
diodes and characterised their proper- 
ties using a variety of electrical and 
optical spectroscopy techniques, in- 
cluding photoluminescence (PL,), PIJ 
excitation, photocurrent and diode 
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breakdown. High quality 
material is routinely ob- 
tained for wafers misor- 
ientated towards < 2,-1,: 
1 >. For substrates misor- 
ientated towards the <- 
2,1,1> direction good 
quality material can also 
be achieved but only when 
great care is taken to 
ensure that growth is 
carried out within the 
nar rower  opt imum 
growth window. With the 
help of this understanding 
they have been able to 
produce devices which 
have been used to test for 
the improvements  de- 
scribed above. 
A general method to predict band 
offsets at semiconductor heterojunc- 
tions was presented by M Peressi et 
al. (University of Trieste, Italy). It is 
based on state-of-the-art density- 
functional self-consistent-field calcu- 
lations in the framework of the local- 
density approximation and norm- 
conserving non-local pseudopoten- 
tials. The method allows to identify 
and study the atomic-scale mechan- 
isms governing the band offsets and 
can therefore be applied to band- 
offset engineering via intentional 
modifications of the interface mor- 
phology. The potentiality of the 
method was demonstrated with se- 
lected results obtained for some 
lattice-matched interfaces, grown on 
different crystallographic orienta- 
tions. It was shown that band offsets 
at heterovalent interfaces as well as at 
isovalent ones when doped with 
ultrathin heterovalent intralayers 
(e.g. GaAs/Si/GaAs) can be con- 
trolled by acting on the atomic 
structure of the interface. 
A Gaspar (Centro Nacional de 
Microelectronica, Spain) presented 
the results of the simulation of the 
Raman response of (nll) orientated 
GaAs/A1As superlattices. The effect 
of interface roughness or interface 
corrugation was also discussed. He 
showed how Raman scattering can be 
used to characterize the interface. A 
comparison with the experimental 
Raman spectra of (311) orientated 
GaAs/AIAs superlattices grown using 
different methods was presented. 
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M Henini and his colleagues at 
Nottingham University (PJ Rodgers, 
PA Crump and BL Gallagher) re- 
ported on a series of Be-doped 
GaAs/(A1Ga)As two-dimensional 
hole gas (2DHG) structures grown 
on (I10), ( I l l )B, (211)B and (311)B 
orientated substrates and compared 
their properties with high mobility 
samples grown on (311)A using Si 
doping. The samples were prepared 
and grown under the same conditions 
so as to render them comparable. 
They are found to have mobilities 
which are strongly anisotropic within 
the plane. The highest mobility for the 
Be-doped samples is found on the 
(110) surface with 100,000cm2V-ls-I 
while the (211) surface gave the lowest 
values ~10,000cm2V-ls -1. However, 
the latter samples are found to have 
quantum Hall effect critical currents 
of >70p~A: an exceptionally high 
value for a hole gas which makes 
them suitable for metrology. All the 
samples show strong low-field posi- 
tive magnetoresistance with resistance 
increases of up to 30% at magnetic 
fields of only 01T. The presence of 
this feature on all the different planes 
shows that it does not depend upon 
the details of the band structure. It is 
identified with the lifting of the 
degeneracy of the spin-subbands by 
the asymmetrical potential giving rise 
to a classical two band magnetoresis- 
tance. 
The modu la t ion -doped GaAs/  
(AlGa)As heterostructures on the 
(311)A GaAs surface using silicon as 
the acceptor produced 2DHGs with 
low-temperature hole mo- 
bility exceeding 1.2 x l0  6 
cm2V -ls -~ with carrier 
concentrations as low as 
0.8 x 1011 cm 2. This hole 
mobility is the highest 
every observed at such 
low densit ies by any 
growth technique. These 
2DHG samples show for 
the first time the persis- 
tent photoconductivity ef-
fect .  Th is  e f fec t  is 
normal ly  absent  in 
2DHG systems. An ana- 
lysis ol ~ the number den- 
sity and temperature  
dependence of the mobi- 
lity led them to conclude 
that the mobility is limited by phonon 
scattering above 4K and interface 
scattering at lower temperatures. 
Throughout he workshop the to- 
pics discussed proved to be of interest 
to anyone in the field of crystal 
growth, novel devices and in general 
low dimensional structures and de- 
vices and without any exception the 
presentation of papers were of an 
excellent standard. The meeting also 
involved lively and substantial discus- 
sion of the papers read. 
The whole event ran smoothly 
which is a tribute to the local 
organisers. Delegates were able to 
relax and enjoy a pleasant conference 
dinner with a healthy supply of wine. 
The conference proceedings can be 
expected in mid 1995 as a special issue 
of Microelectronics Journal. A follow 
up of the meeting is likely to be held 
in France in 1996. 
Finally thanks to European Materi- 
al Research Society, National Re- 
search Council of Italy, Department 
of Physics of the University of Trento, 
Gruppo Nazionale Struttura della 
Materia, Centro Materiali e Biofisica 
Medica for the financial support 
which enabled us to organise this 
meeting. 
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